Introduction {#sec1}
============

Inadequate or excessive gestational weight gain (GWG) in pregnancy has been shown to have deleterious consequences for the short- and long-term health of mother and child. For example, insufficient GWG increases the risk of preterm birth and low birth weight, whereas excessive GWG is associated with increased risk of pregnancy-induced hypertension, pre-eclampsia, emergency cesarean delivery, hyperglycemia, and macrosomia ([@bib1]--[@bib4]). Moreover, excessive GWG is linked to an elevated risk of postpartum weight retention and of developing overweight and obesity in both the mother ([@bib2], [@bib5]--[@bib8]) and her children ([@bib3], [@bib9]--[@bib12]). Although some evidence suggests that the maternal and infant health risks associated with GWG are independent of maternal prepregnancy BMI ([@bib7]), the impact of GWG on maternal and infant health outcomes may depend on the mother\'s prepregnancy BMI ([@bib13]). For instance, less GWG results in more favorable outcomes for women with higher BMI, whereas inadequate GWG for women with a normal or low BMI may be detrimental ([@bib13]). Thus, the Institute of Medicine (IOM) and National Research Council (NRC) developed specific GWG recommendations to optimize health outcomes based on women\'s prepregnancy BMI ([@bib5]). Even after the release of these IOM/NRC guidelines in 2009, the prevalence of excessive GWG continued to rise, as nearly half of all pregnant women in the United States gained above the recommended weight in 2012--2013 ([@bib14]). The increasing prevalence of excessive GWG and well-documented health consequences of both inadequate and excessive GWG underscore the urgent need to identify modifiable factors to promote appropriate weight gain in pregnancy.

Maternal diet during pregnancy may play an important role in achieving adequate GWG. Indeed, a meta-analysis of 13 randomized trials suggested a significant reduction in GWG of −1.92 kg and a trend toward reduction in excessive GWG with various dietary interventions, including calorie restriction and nutritional counseling ([@bib15]). However, most of the reviewed intervention studies included additional lifestyle changes, such as increased physical activity. Moreover, prior studies have been heterogeneous in study design and have assessed disparate dietary components and outcomes. Finally, previous studies have largely ignored potential heterogeneity in associations based on maternal prepregnancy BMI. Given these limitations, a review article of randomized trials and observational epidemiologic studies evaluating the role of maternal diet on excessive GWG concluded that the role of diet in GWG was largely unclear ([@bib16]).

Understanding to what extent adverse health outcomes associated with GWG can be modified by dietary intake during pregnancy is of major public health importance. Moreover, with the rising prevalence of obesity among women of reproductive age ([@bib17]), identifying ways to improve pregnancy outcomes is becoming increasingly important. Therefore, the aim of this study was to examine associations between specific dietary components during pregnancy and GWG stratified by maternal prepregnancy BMI in the prospective Archive for Research in Child Health (ARCH) cohort study.

Methods {#sec2}
=======

Study participants {#sec2-1}
------------------

ARCH was established to be a low-cost, low-participant-burden cohort study, relying on archived information (medical records, birth certificates, newborn blood spots), brief interviews, and clinically obtained specimens (extra tubes of blood and urine collected in addition to those used for routine clinical purposes). Pregnant women were enrolled and interviewed for the ARCH study at their first prenatal care visit (mean gestational age at enrollment was 13.4 wk). Recruitment occurred from 2008 to 2015 in 3 clinics in Lansing, Michigan, enrolling 801 pregnant women. In 2016, ARCH recruitment was expanded to additional prenatal care clinics in other areas of Michigan (Detroit, Grand Rapids, Flint, and Traverse City), yielding a total ARCH enrollment of 1042 women from all locations combined. Few exclusion criteria (\<18 y of age or non--English speaking) resulted in a sample of women reflecting the local population, unselected for any specific health conditions or sociodemographic criteria. Follow-up is ongoing and includes phone surveys at 1 mo and 1 y postpartum and annually thereafter. ARCH participants consented to use of the collected data for future research; investigators in this study accessed only de-identified data for the protection and privacy of subjects. ARCH mother--infant dyads are now being followed with more intensive methods under the auspices of the NIH Environmental influences on Child Health Outcomes (ECHO) program (<https://www.nih.gov/echo>). The ECHO program is supporting multiple pregnancy cohorts, including ARCH, with the goal of investigating environmental exposures on positive health and 4 pediatric issues that have a large public health impact: perinatal outcomes, neurodevelopment, obesity, and upper and lower airway conditions.

For this analysis, we included a subset of pregnant women (*n* = 472) enrolled in the ARCH study after 2013 when diet assessment was added to the baseline questionnaire. We excluded 82 women with missing diet assessment and 63 women missing information on GWG, leaving a final analytic sample of 327 women ([**Figure 1**](#fig1){ref-type="fig"}). This study was approved by the Institutional Review Board (IRB) at Michigan State University (IRB\# LEGACYC07--1201), and all participants provided written informed consent agreeing to the use of data for future research.

![Inclusion of study participants flowchart. GWG, gestational weight gain.](nzaa121fig1){#fig1}

Dietary assessment {#sec2-2}
------------------

Dietary intake was assessed at the first prenatal clinic visit when women were enrolled in the study, using interviewer-administered survey questions. Dietary components from the consensus measures of the Phenotypes and eXposures (PhenX: RTI International)) toolkit, version 22.0, were used because they are validated, well-established, broadly applicable, and low-burden ([@bib18]--[@bib21]). The dietary questions were part of the "Five Factor Screener" developed by the National Cancer Institute to assess an individual\'s approximate intake of several food items over the past month, and have been validated against the 24-h dietary recall ([@bib21]). These survey questions were used to estimate usual intakes of fruits and vegetables (cups/d), added sugars (teaspoons/d), energy from fat (%), and dairy food (servings/d), according to the analytic steps detailed in the PhenX Toolkit, version 30.0 (8 April, 2020). The fruits and vegetables composite score comprised 100% fruit juice, fruit, salad, white potatoes, cooked dried beans, other vegetables (e.g., tomatoes, string beans, cabbage), tomato sauce, and salsa. In secondary analysis, we considered a modified fruit and vegetable consumption variable by removing French fry consumption from the measure. Dairy foods included milk and cheese. Added sugar sources included soda, fruit-flavored drinks with sugar, pastries (donuts, sweet rolls, Danish), and cookies, cake, pie, or brownies. Frequencies of an individual\'s consumption of the following foods predictive of percentage energy were assessed: cereals, skim milk, eggs, sausage or bacon, margarine or butter, fruit juice, fruit, hot dogs, cheese, French fries, mayonnaise, salad dressing, and rice. Consumption of these foods over the past month were scored across 8 response categories, ranging from "Never" to "2 or more times per day." Scoring of dietary variables was defined according to established PhenX protocols, and these scores were utilized as continuous variables in the analysis. Because some of the dietary data necessary to calculate component measures were missing, sample sizes varied slightly across the dietary components assessed.

GWG assessment {#sec2-3}
--------------

GWG was defined by calculating the difference between prepregnancy weight and the last weight before delivery measured in pounds (lbs). Maternal weight measurements were obtained from the child\'s birth certificate and derived from prepregnancy weight and delivery weight measured by medical staff, although self-reported prepregnancy weight from the enrollment questionnaire was used for 2 women missing this information in the birth certificate. We categorized GWG as inadequate, adequate, or excessive according to the IOM recommendations ([@bib22]). The guidelines recommend weight gain of 28--40 lbs for underweight women \[BMI (in kg/m^2^) \< 18.5\], 25--35 lbs (11.3-15.9 kg) for normal-weight women (BMI 18.5--24.9), 15--25 lbs (6.8-11.3 kg) for overweight women (BMI 25.0--29.9), and 11--20 lbs (5.0-9.1 kg) for women with obesity (BMI ≥ 30).

Covariates {#sec2-4}
----------

Information on covariates was collected from either the enrollment questionnaire or the birth certificate. Data on maternal age (continuous), race (non-Hispanic white; non-Hispanic Black; Hispanic; other), marital status (married and living with infant\'s father; married and not living with infant\'s father; unmarried and living with infant\'s father; unmarried and not living with infant\'s father), educational attainment (less than high school; high school or equivalent; some college; college or more), household income (\<\$25,000; \$25,000--\$49,999; \$50,000--\$74,999; ≥\$75,000), and participation in vigorous physical activity over the last month (yes; no; unknown) were self-reported at study enrollment. Pregnancy-related nausea and vomiting was assessed at study enrollment using the Pregnancy-Unique Quantification of Emesis and Nausea Index (PUQE) and Modified-PUQE survey ([@bib23]), with scores \< 6 coded as mild, 7 to \<12 as moderate, and ≥12 as severe. Depressive symptoms were measured using the Edinburgh Postnatal Depression Scale (≥10 for possible depression compared with \<10 for no depression) ([@bib24]). Weeks of gestation (continuous), fetal sex (male/female), maternal smoking history (yes/no), receipt of WIC food during pregnancy (yes/no), mother\'s prepregnancy weight (continuous), mother\'s weight at delivery (continuous), and mother\'s height (continuous) were ascertained from the birth certificate data. Prepregnancy BMI was calculated from height and weight measures obtained from the birth certificate. Whereas height can be measured during pregnancy, prepregnancy weight is often self-reported because by the time women present for prenatal care, it is too late to get a measured prepregnancy weight. Thus, even though birth certificate records use maternal weights derived from prenatal records, those prenatal records often include self-reported prepregnancy weights, which have been shown to be valid measures of measured weight and height in a prior study ([@bib25]). Maternal BMI was categorized as follows: underweight (\<18.5), normal (18.5 to \<25), overweight (25 to \<30), class I obesity (30 to \<35), class II obesity (35 to \<40), and class III obesity (≥40). However, because of insufficient sample size and because there are no specific IOM GWG recommendations based on obesity classes, obesity classes I, II, and III were combined into a single category (i.e., BMI ≥ 30) in statistical models.

Statistical analysis {#sec2-5}
--------------------

We evaluated mean intake of dietary components across demographic and pregnancy characteristics and assessed differences using ANOVA tests. Multivariable logistic regression models were used to estimate the relation between each dietary intake factor and odds of excessive or inadequate GWG compared with adequate GWG based on the IOM/NRC guidelines. We first evaluated minimally adjusted models accounting for gestational age at delivery. Potential confounders were included in the multivariable model based on prior knowledge of factors associated with dietary intake and GWG ([@bib1], [@bib26]). The multivariable model included the following factors: weeks of gestation at delivery, physical activity, prepregnancy BMI, maternal age, educational level, fetal sex, and marital status. Given that maternal prepregnancy BMI is an important determinant of GWG ([@bib5], [@bib27]) and that associations between GWG and adverse health outcomes differ according to prepregnancy BMI ([@bib17]), we evaluated models stratified by BMI category and statistically compared models with and without relevant interaction terms between these factors and dietary components using the likelihood ratio test. In secondary analysis, we used multivariable linear regression models to examine the relation between each dietary factor and a continuous measure of GWG in lbs, using the same set of covariates as in the logistic models. To minimize potential confounding and assess potential heterogeneity related to smoking status, we also examined associations stratified by maternal smoking history. In sensitivity analyses, we examined associations for fruit and vegetable consumption and GWG excluding French fries from the composite fruit and vegetable score. Pearson\'s correlation coefficients were used to examine the linear relation between dietary indicators. All analyses were conducted using SAS software version 9.4 (SAS Institute, Inc.), with α \< 0.05 used to determine significance.

Results {#sec3}
=======

Participant characteristics {#sec3-1}
---------------------------

Of the 327 women in this study, 60.9% were overweight or obese entering pregnancy. The mean age at enrollment was 27 y, and the racial/ethnic, educational, and income distributions were reflective of the local populations. For example, 66.7% of women were non-Hispanic white, 20.1% non-Hispanic Black, 10.1% Hispanic, and 3.1% of another racial/ethnic group. Whereas 59.3% of women in this study had at least some college education, 48.4% reported annual household incomes \<\$25,000, likely reflecting a mix of the respective working-class and graduate student populations in the capital city of Lansing, MI, and the nearby college town of East Lansing, MI. Only 31.5% of women had adequate GWG over pregnancy, with 24.8% of women gaining insufficient weight and 43.7% gaining excessively. Women consumed daily means of 3.14 cups of fruits and vegetables, 17.1 teaspoons of added sugar, 33.0% energy from fat, and 1.79 servings of dairy ([**Table 1**](#tbl1){ref-type="table"}). Mean fruit and vegetable consumption was highest among women with class III obesity and lowest among underweight women (3.74 compared with 2.03 daily cups). Non-Hispanic Black women and women of other race/ethnicity reported higher fruit and vegetable consumption (3.62 and 4.21 daily cups, respectively) than non-Hispanic white and Hispanic women (2.97 and 2.81 daily cups, respectively). Fruit and vegetable consumption was also higher among women with adequate GWG (3.49 daily cups) than among those with inadequate GWG (2.97 daily cups) or excessive GWG (2.98 daily cups) and among those who delivered a male (3.37 daily cups) as opposed to a female (2.85 daily cups) infant. Added sugar intake tended to decrease with increasing maternal age, educational attainment, and household income and was higher among unmarried women, those with an unplanned pregnancy, women with a history of smoking, and women receiving WIC benefits. Underweight (41.1%) and non-Hispanic Black (35.1%) women had higher percentage energy from fat than women in other BMI and racial categories. Dairy consumption was slightly higher among married than among unmarried women, with the highest intake of 2.05 daily servings among married women who were not living with the infant\'s father. Dietary components assessed in this study were weakly correlated with each other \[Pearson correlation coefficients ranged from −0.21 between fruit and vegetable consumption and percentage energy from fat (*P* = 0.001) to 0.20 between added sugar and percentage energy from fat (*P* = 0.001)\].

###### 

Characteristics of pregnant women in the Archive for Research on Child Health study according to dietary indicators[^1^](#tb1fn1){ref-type="table-fn"}

                                                                 Daily cup equivalents of fruits and vegetables   Teaspoons of added sugar   Percentage energy from fat   Daily servings of dairy                             
  -------------------------------------------------------------- ------------------------------------------------ -------------------------- ---------------------------- ------------------------- ----- ------------- ----- ------------
  Total sample                                                   309                                              3.14 ± 1.7                 314                          17.1 ± 9.6                265   33.0 ± 5.0    327   1.79 ± 1.1
  Maternal age category, y                                                                                                                                                                                                    
   \<20                                                          22                                               2.77 ± 1.6                 23                           15.9 ± 7.7                21    33.1 ± 4.8    25    1.84 ± 1.0
   20--29                                                        183                                              3.12 ± 2.0                 187                          19.3 ± 10.8               162   33.6 ± 5.6    196   1.78 ± 1.1
   30--34                                                        14                                               3.64 ± 1.3                 16                           14.2 ± 6.8                13    32.0 ± 4.2    16    1.77 ± 0.9
   ≥35                                                           17                                               3.21 ± 1.1                 17                           12.2 ± 3.3                14    32.2 ± 3.8    17    1.83 ± 1.1
                                                                                                                  *P* = 0.59                                              *P* = 0.01                      *P* = 0.62          *P* = 0.99
  Prepregnancy BMI category[^2^](#tb1fn2){ref-type="table-fn"}                                                                                                                                                                
   Underweight                                                   6                                                2.03 ± 1.6                 6                            16.6 ± 4.4                5     41.1 ± 12.3   6     1.61 ± 1.0
   Normal                                                        116                                              3.28 ± 1.5                 118                          16.4 ± 9.7                95    32.5 ± 4.8    122   1.90 ± 1.2
   Overweight                                                    81                                               2.83 ± 1.6                 84                           18.0 ± 10.3               74    33.1 ± 4.3    88    1.78 ± 1.1
   Obese I                                                       48                                               3.53 ± 2.2                 49                           17.1 ± 7.2                44    32.4 ± 4.1    51    1.76 ± 0.9
   Obese II                                                      30                                               2.45 ± 1.0                 31                           20.0 ± 12.6               22    34.8 ± 6.9    31    1.60 ± 1.3
   Obese III                                                     28                                               3.74 ± 2.2                 26                           14.6 ± 6.1                25    32.4 ± 4.4    29    1.72 ± 1.0
                                                                                                                  *P* = 0.01                                              *P* = 0.31                      *P* = 0.003         *P* = 0.78
  Race/ethnicity                                                                                                                                                                                                              
   White, non-Hispanic                                           203                                              2.97 ± 1.3                 207                          15.7 ± 8.4                169   32.3 ± 4.2    212   1.90 ± 1.1
   Black, non-Hispanic                                           62                                               3.62 ± 2.4                 59                           19.7 ± 10.8               54    35.1 ± 6.9    64    1.51 ± 1.0
   Hispanic                                                      27                                               2.81 ± 1.8                 29                           19.8 ± 9.9                27    32.8 ± 3.7    32    1.76 ± 1.2
   Other                                                         9                                                4.21 ± 3.5                 10                           23.8 ± 15.9               7     32.6 ± 4.4    10    1.49 ± 1.8
                                                                                                                  *P* = 0.02                                              *P* = 0.003                     *P* = 0.01          *P* = 0.13
  Educational level                                                                                                                                                                                                           
   Less than HS                                                  40                                               3.02 ± 2.1                 41                           18.5 ± 9.3                38    34.0 ± 4.4    46    1.73 ± 0.9
   HS or equivalent                                              81                                               3.22 ± 2.2                 82                           20.2 ± 10.7               71    32.9 ± 6.5    85    1.67 ± 1.1
   Some college                                                  79                                               2.90 ± 1.5                 83                           17.9 ± 10.3               70    33.1 ± 4.8    86    1.73 ± 1.2
   College or more                                               104                                              3.37 ± 1.4                 103                          13.5 ± 6.5                82    32.4 ± 3.9    105   2.00 ± 1.1
                                                                                                                  *P* = 0.33                                              *P* \< 0.0001                   *P* = 0.40          *P* = 0.16
  Marital status                                                                                                                                                                                                              
   Married, cohabitating                                         121                                              3.21 ± 1.3                 120                          13.9 ± 6.7                92    32.0 ± 4.1    122   1.98 ± 1.1
   Married, not cohabitating                                     16                                               3.67 ± 2.3                 16                           15.6 ± 6.4                13    31.1 ± 3.4    17    2.05 ± 1.3
   Unmarried, cohabitating                                       96                                               2.86 ± 1.6                 100                          18.8 ± 10.8               88    34.1 ± 5.3    105   1.79 ± 1.1
   Unmarried, not cohabitating                                   76                                               3.26 ± 2.4                 78                           20.2 ± 10.8               72    33.3 ± 5.8    83    1.47 ± 1.0
                                                                                                                  *P* = 0.21                                              *P* \< 0.0001                   *P* = 0.02          *P* = 0.01
  Household income, \$                                                                                                                                                                                                        
   \<25,000                                                      145                                              3.22 ± 2.1                 145                          19.3 ± 9.8                127   33.5 ± 5.9    154   1.73 ± 1.1
   25,000-- 49,000                                               68                                               2.98 ± 1.5                 72                           18.3 ± 11.0               59    32.9 ± 4.1    74    1.80 ± 1.1
   50,000-- 74,999                                               29                                               3.11 ± 1.1                 29                           12.1 ± 3.4                24    31.5 ± 3.3    29    1.81 ± 1.1
   ≥75,000                                                       59                                               3.18 ± 1.2                 61                           12.1 ± 4.6                47    32.3 ± 3.9    61    1.95 ± 1.1
                                                                                                                  *P* = 0.83                                              *P* \< 0.0001                   *P* = 0.21          *P* = 0.65
  Gestational weight gain                                                                                                                                                                                                     
   Inadequate                                                    77                                               2.97 ± 1.3                 75                           16.2 ± 8.4                66    32.9 ± 5.6    81    1.85 ± 1.2
   Adequate                                                      99                                               3.49 ± 2.1                 101                          17.7 ± 10.2               83    33.2 ± 4.2    103   1.83 ± 1.1
   Excessive                                                     133                                              2.98 ± 1.6                 138                          17.2 ± 9.7                116   32.9 ± 5.3    143   1.74 ± 1.1
                                                                                                                  *P* = 0.05                                              *P* = 0.58                      *P* = 0.86          *P* = 0.71
  Depression                                                                                                                                                                                                                  
   Yes                                                           59                                               3.37 ± 2.3                 58                           19.0 ± 8.4                48    34.1 ± 5.4    61    1.65 ± 1.0
   No                                                            247                                              3.07 ± 1.6                 253                          16.6 ± 9.6                214   32.7 ± 4.9    263   1.83 ± 1.1
                                                                                                                  *P* = 0.23                                              *P* = 0.08                      *P* = 0.08          *P* = 0.24
  PUQE score last 12 h                                                                                                                                                                                                        
   Mild                                                          236                                              3.07 ± 1.6                 239                          16.8 ± 9.7                204   33.1 ± 4.9    248   1.81 ± 1.1
   Moderate/severe                                               71                                               3.34 ± 2.1                 73                           18.1 ± 9.4                59    32.8 ± 5.5    77    1.76 ± 1.1
                                                                                                                  *P* = 0.50                                              *P* = 0.61                      *P* = 0.78          *P* = 0.77
  Fetal sex                                                                                                                                                                                                                   
   Male                                                          171                                              3.37 ± 1.9                 170                          16.8 ± 9.7                146   32.8 ± 4.8    177   1.89 ± 1.1
   Female                                                        138                                              2.85 ± 1.4                 144                          17.5 ± 9.5                119   33.2 ± 5.3    150   1.68 ± 1.1
                                                                                                                  *P* = 0.01                                              *P* = 0.50                      *P* = 0.58          *P* = 0.09
  Planned pregnancy                                                                                                                                                                                                           
   Yes                                                           135                                              3.16 ± 1.4                 139                          15.0 ± 8.5                116   32.3 ± 4.1    143   1.84 ± 1.1
   No                                                            171                                              3.08 ± 1.9                 172                          18.7 ± 9.8                147   33.6 ± 5.7    181   1.76 ± 1.1
                                                                                                                  *P* = 0.68                                              *P* = 0.0004                    *P* = 0.05          *P* = 0.55
  Maternal history of smoking                                                                                                                                                                                                 
   Yes                                                           93                                               3.25 ± 2.3                 92                           21.1 ± 11.1               76    34.0 ± 6.1    96    1.76 ± 1.1
   No                                                            216                                              3.09 ± 1.5                 222                          15.5 ± 8.3                189   32.6 ± 4.5    231   1.81 ± 1.1
                                                                                                                  *P* = 0.47                                              *P* \< 0.0001                   *P* = 0.03          *P* = 0.70
  Vigorous physical activity                                                                                                                                                                                                  
   Yes                                                           61                                               3.20 ± 1.3                 65                           15.6 ± 9.9                44    32.1 ± 5.0    65    1.86 ± 1.0
   No                                                            234                                              3.09 ± 1.8                 235                          17.7 ± 9.6                206   33.1 ± 5.1    246   1.75 ± 1.1
                                                                                                                  *P* = 0.64                                              *P* = 0.13                      *P* = 0.26          *P* = 0.44
  Mother receiving WIC                                                                                                                                                                                                        
   Yes                                                           155                                              3.27 ± 2.1                 159                          19.6 ± 10.6               145   33.4 ± 5.7    170   1.78 ± 1.0
   No                                                            144                                              3.05 ± 1.2                 145                          14.5 ± 7.3                114   32.3 ± 3.8    147   1.81 ± 1.2
                                                                                                                  *P* = 0.27                                              *P* \< 0.0001                   *P* = 0.07          *P* = 0.76

Values are *n*s or means ± SDs unless otherwise indicated. *P* values from ANOVA test. HS, high school; PUQE, Pregnancy-Unique Quantification of Emesis and Nausea Index; WIC, Women, Infants, and Children nutritional program.

BMI (in kg/m^2^) categories are as follows: underweight (\<18.5); normal (18.5 ≤ BMI \< 25); overweight (25 ≤ BMI \< 30); obese I (30 ≤ BMI \< 35); obese II (35 ≤ BMI \< 40); obese III (≥40)

As [**Figure 2**](#fig2){ref-type="fig"} shows, the majority of overweight and obese women gained in excess of the IOM/NRC guidelines, with the highest percentage of excessive GWG (58.1%) among women in the Class II obesity category (chi-square *P* \< 0.0001). Overall, the prevalence of excessive GWG was higher among overweight or obese women than among underweight women or women in the normal BMI range. Likewise, the percentage of pregnant women with adequate GWG tended to decrease with increasing maternal prepregnancy BMI, with 34.4% of women in the normal BMI range gaining adequate GWG compared with just 20.7% of women in the Class III obese category prepregnancy. Inadequate GWG was most prominent among women with prepregnancy BMI in the underweight (50.0%) and normal (40.2%) ranges. However, women in the severe obesity III class were more likely to gain inadequately (according to the IOM recommendation) than women in the overweight or obesity Class I or II categories.

![Gestational weight gain adequacy in the Archive for Research on Child Health cohort according to the 2009 Institute of Medicine/National Research Council guidelines.](nzaa121fig2){#fig2}

Associations of maternal dietary components with GWG {#sec3-2}
----------------------------------------------------

We did not observe any significant associations between dietary components and inadequate GWG in minimally adjusted or multivariable-adjusted logistic models ([**Table 2**](#tbl2){ref-type="table"}). Likewise, added sugar, percentage energy from fat, and dairy were not associated with excessive GWG in models. Women who consumed more fruits and vegetables were suggestively less likely to have excessive GWG (OR: 0.86; 95% CI: 0.75, 1.00) in the minimally adjusted model, but the association became nonsignificant after adjusting for covariates (OR: 0.89; 95% CI: 0.77, 1.03). In sensitivity analyses, associations of fruit and vegetable consumption with GWG were similar using the modified fruit and vegetable variable which excluded French fry consumption (e.g., for multivariable-adjusted association with excessive GWG: OR: 0.89; 95% CI: 0.76, 1.03; data not shown). Although formal tests for interaction were not statistically significant (interaction *P* ≥ 0.20), stratified analyses suggested that associations of diet with GWG may differ by maternal prepregnancy BMI. For example, higher added sugar intake was linked to a slight reduction in likelihood of excessive GWG (OR: 0.91; 95% CI: 0.84, 0.99) among women with a prepregnancy BMI in the normal range ([Table 2](#tbl2){ref-type="table"}). Among women with obesity, higher fruit and vegetable consumption was associated with a 23% reduction in the odds of excessive GWG (OR: 0.77; 95% CI: 0.60, 0.97). Dietary components were not significantly associated with GWG in the linear models. Similarly, we did not observe any significant associations between dietary components and GWG in models stratified by maternal smoking history (interaction *P* ≥ 0.12 for smoking) (**Supplemental Table 1**).

###### 

Multivariable regression models for the associations between dietary indicators and GWG in the Archive for Research on Child Health cohort[^1^](#tb2fn1){ref-type="table-fn"}

                           Inadequate GWG      Excessive GWG        Minimally adjusted effect estimate for total weight gain in kg (95% CI)    Multivariable-adjusted effect estimate for total weight gain in kg (95% CI)                         
  ------------------------ ------------------- ------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------ --------------------- ---------------------
  Overall                                                                                                                                                                                                                                          
   Fruits and vegetables   0.85 (0.70, 1.03)   0.85 (0.70, 1.04)   0.86 (0.75, 1.00)                                                          0.89 (0.77, 1.03)                                                              −0.68 (−1.60, 0.25)   −0.50 (−1.43, 0.44)
   Added sugar             0.98 (0.95, 1.02)   0.98 (0.94, 1.02)   1.00 (0.97, 1.02)                                                          0.98 (0.96, 1.01)                                                              0.06 (−0.10, 0.23)    −0.01 (−0.18, 0.17)
   % energy from fat       0.98 (0.92, 1.05)   0.98 (0.91, 1.05)   0.98 (0.93, 1.04)                                                          0.97 (0.91, 1.03)                                                              0.19 (−0.17, 0.55)    0.03 (−0.33, 0.39)
   Dairy                   1.03 (0.79, 1.35)   0.99 (0.75, 1.31)   0.93 (0.73, 1.18)                                                          1.00 (0.77, 1.29)                                                              0.32 (−1.10, 1.70)    0.35 (−1.09, 1.80)
  Normal BMI                                                                                                                                                                                                                                       
   Fruits and vegetables   0.80 (0.59, 1.08)   0.81 (0.59, 1.10)   0.68 (0.46, 0.98)                                                          0.73 (0.49, 1.07)                                                              −0.92 (−2.30, 0.45)   −0.66 (−2.04, 0.72)
   Added sugar             0.98 (0.94, 1.02)   0.96 (0.91, 1.02)   0.97 (0.93, 1.02)                                                          0.91 (0.84, 0.99)                                                              0.05 (−0.16, 0.27)    −0.12 (−0.37, 0.14)
   % energy from fat       1.00 (0.89, 1.12)   1.00 (0.89, 1.12)   0.98 (0.87, 1.11)                                                          0.89 (0.76, 1.03)                                                              0.07 (−0.43, 0.58)    −0.22 (−0.75, 0.30)
   Dairy                   1.01 (0.72, 1.43)   1.03 (0.72, 1.48)   0.65 (0.39, 1.08)                                                          0.67 (0.39, 1.15)                                                              −0.72 (−2.4, 1.0)     −0.52 (−2.22, 1.18)
  Overweight                                                                                                                                                                                                                                       
   Fruits and vegetables   0.86 (0.37, 2.04)   0.93 (0.38, 2.27)   1.29 (0.92, 1.80)                                                          1.35 (0.93, 1.96)                                                              0.43 (−1.9, 2.8)      0.76 (−1.7, 3.2)
   Added sugar             0.97 (0.87, 1.07)   0.96 (0.86, 1.07)   1.01 (0.97, 1.06)                                                          1.00 (0.96, 1.05)                                                              0.13 (−0.24, 0.49)    0.10 (−0.29, 0.48)
   % energy from fat       0.73 (0.52, 1.02)   0.64 (0.41, 1.00)   0.99 (0.88, 1.12)                                                          0.99 (0.87, 1.13)                                                              0.85 (−0.07, 1.80)    0.82 (−0.14, 1.78)
   Dairy                   0.94 (0.47, 1.89)   0.90 (0.42, 1.93)   0.98 (0.64, 1.48)                                                          1.03 (0.66, 1.59)                                                              −0.07 (−3.4, 3.2)     0.50 (−3.1, 4.1)
  Obese                                                                                                                                                                                                                                            
   Fruits and vegetables   0.75 (0.53, 1.08)   0.71 (0.48, 1.03)   0.75 (0.59, 0.95)                                                          0.77 (0.60, 0.97)                                                              −0.94 (−2.40, 0.52)   −0.95 (−2.44, 0.55)
   Added sugar             1.00 (0.93, 1.08)   1.03 (0.94, 1.13)   0.99 (0.95, 1.04)                                                          1.00 (0.95, 1.06)                                                              0.04 (−0.29, 0.36)    0.03 (−0.31, 0.37)
   % energy from fat       0.98 (0.84, 1.15)   1.03 (0.84, 1.27)   0.99 (0.91, 1.09)                                                          1.01 (0.92, 1.12)                                                              0.07 (−0.60, 0.74)    −0.01 (−0.71, 0.68)
   Dairy                   0.95 (0.47, 1.95)   1.17 (0.50, 2.72)   1.15 (0.76, 1.75)                                                          1.31 (0.82, 2.09)                                                              1.91 (−0.86, 4.70)    1.51 (−1.41, 4.43)

^1^Multivariable model for logistic regression and linear regression models both adjusted for weeks of gestation at delivery, physical activity, prepregnancy BMI, maternal age, educational level, fetal sex, and marital status. *P* values for interaction by maternal prepregnancy BMI for inadequate GWG: by fruits/vegetables, *P*~int~ = 0.88; added sugar, *P*~int~ = 0.20; percentage energy from fat, *P*~int~ = 0.79; and dairy, *P*~int~ = 0.85. *P* values for interaction by maternal prepregnancy BMI for excessive GWG: by fruits/vegetables, *P*~int~ = 0.32; added sugar, *P*~int~ = 0.25; percentage energy from fat, *P*~int~ = 0.22; and dairy, *P*~int~ = 0.22. GWG, gestational weight gain.

Discussion {#sec4}
==========

In this prospective cohort study, higher fruit and vegetable consumption was associated with a reduced likelihood of excessive GWG only among women with obesity. Among women with a prepregnancy BMI in the normal range, higher added sugar intake was associated with slightly lower odds of excessive GWG. Percentage energy from fat and dairy consumption were not associated with GWG in this study. These findings suggest that consuming fruits and vegetables during pregnancy may reduce the risk of excessive GWG in high-risk populations of women with prepregnancy obesity, although future epidemiologic studies are needed to confirm these findings. Given that 41% of women of reproductive age in the United States were overweight or obese in 2016 ([@bib17]), increasing fruit and vegetable consumption during pregnancy may be an impactful strategy for reducing GWG and GWG-related health complications for mother and infant.

Women in this study had dietary intakes that were generally comparable with those of other US women. For example, an analysis of NHANES data from 2007--2010 reported that women aged 19--50 y consumed ∼1.4 servings of dairy per day, compared with 1.7 daily servings of dairy in our study ([@bib28]). In a recent analysis from NHANES 2001--2014 data, pregnant women consumed 21.2 teaspoons of added sugars daily and 33.0% energy from fat ([@bib29]), which are also comparable with the mean 17.1 teaspoons of added sugar daily and 33.0% energy from fat observed in our study population. Finally, women in our study consumed a mean of 3.14 cup equivalents of fruits and vegetables daily, which is slightly higher than the 2.5 daily cup mean consumption among US adults in NHANES data from 2013--2016 ([@bib30]). Adherence to the IOM GWG recommendations in our study was in line with national trends, but more women in our study had inadequate gain and fewer women had excessive weight than other US women. Specifically, in our study, 24.8% of women had inadequate gain, 31.5% had adequate gain, and 43.7% excessive GWG, whereas of other women in the United States, 20.4% had inadequate, 32.1% had adequate, and 47.5% had excessive GWG ([@bib14]). We observed a similar pattern when comparing the women in our study with those in Michigan in 2012--2013, 19.2% of whom had inadequate gain, 30.6% had adequate gain, and 50.3% had excessive gain ([@bib14]). In our study, women with overweight and obesity were more likely to gain in excess of the IOM/NRC guidelines, which is similar to what has been reported in other studies ([@bib13], [@bib14]). Moreover, our findings that nearly 30% of women with class III obesity achieved inadequate GWG were similar to the 32% reported among US women with class III obesity overall ([@bib13], [@bib14]).

Associations of fruit and vegetable intake with maternal GWG {#sec4-1}
------------------------------------------------------------

The major finding from our study is that higher consumption of fruits and vegetables is associated with a lower likelihood of excessive GWG, but only in women with obesity. Thus far, there have been mixed findings on associations of fruit/vegetable intakes and GWG from observational studies ([@bib31]--[@bib34]). For example, similarly to our study, a large prospective study of 595 pregnant women in the United States observed inverse associations of fruit and vegetable consumption with GWG ([@bib34]). Likewise, vegetable, but not fruit intake, was inversely associated with GWG in a cross-sectional analysis of 490 pregnant NHANES participants ([@bib32]). However, fruit and vegetable consumption was not linked to GWG in other prospective studies ([@bib31], [@bib33]). Although our study did not evaluate diet quality specifically, high fruit and vegetable consumption is consistently associated with higher diet quality ([@bib35]); and diet quality has been linked with reduced GWG in several ([@bib32], [@bib36]--[@bib38]), but not all ([@bib39]--[@bib41]) prior studies. The underlying cause of these discrepancies between fruit/vegetable consumption or diet quality and GWG is unclear. However, our findings suggest that diet quality or the consumption of fruits and vegetables may be especially important in vulnerable women. Therefore, future studies should consider maternal prepregnancy BMI, and potentially other health and lifestyle factors, when evaluating associations between fruit/vegetable intake and GWG.

Associations of dairy, added sugar, and fat consumption with GWG {#sec4-2}
----------------------------------------------------------------

In our study, consumption of dairy foods was not associated with GWG, which is discordant with findings from previous studies. For example, total dairy intake was associated with increased GWG and higher odds of excessive GWG in Project Viva participants ([@bib31]), although excess calorie intake was shown to mediate part of the associations. Similarly, dairy consumption was also linked to excessive gain in several other observational studies ([@bib31], [@bib42], [@bib43]). It is possible that the dissimilarities between these studies and ours are due to sociodemographic differences or differences in the instruments used to assess dairy intake. For example, women in our study were primarily non-Hispanic white, but with a low family income, which is a unique population compared with previous studies. In addition, the dairy category in our dietary assessment tool only considered milk and cheese, which differs from previous studies that included other dairy products such as yogurt, ice cream, cottage cheese, and cream cheese. Therefore, additional studies are needed to understand whether associations between dairy consumption and GWG are unique to certain populations and to specific types of dairy foods.

In previous studies, sweets, processed food ([@bib31], [@bib32], [@bib42]), sweetened beverages ([@bib44], [@bib45]), snacks, fish, and bread ([@bib45]) have been shown to be associated with excessive GWG. In this study, however, we observed a suggested inverse association between added sugar intake and GWG in normal-weight women, and no association in overweight or obese women. Whereas this finding conflicts with data from nonpregnant populations linking sugar-sweetened beverages with increased obesity risk ([@bib34]), it is consistent with findings from the Project Viva pregnancy cohort ([@bib31]), which also reported a slight trend toward an inverse relation between the consumption of sugar-sweetened beverages and GWG ([@bib31]). These findings may partially reflect observed inverse associations of carbohydrate intake with GWG ([@bib46]), although future studies are needed to understand whether and how associations may vary by maternal prepregnancy BMI.

In our study, we also did not observe associations between percentage energy from fat and GWG. Whereas higher overall energy intake is associated with increased GWG ([@bib47]), findings for associations between fat intake and GWG are mixed. In 1 study, percentage energy from monounsaturated fat was inversely related with risk of excess GWG, whereas percentage energy from protein, saturated fat, polyunsaturated fat, and *trans*-fat was positively associated with excess gain---but CIs for these associations were wide ([@bib31]). However, a randomized controlled trial of 46 pregnant overweight or obese US women compared low-fat (25% energy from fat) with low-carbohydrate (35% energy from fat) diets and observed no significant differences in GWG ([@bib48]).

The association between GWG and adverse health outcomes differs according to prepregnancy BMI, with more optimal outcomes observed with lower weight gains for women with higher BMI ([@bib13]). Our data extend previous findings on the role of diet in GWG by examining differences in associations by maternal prepregnancy BMI category. Moreover, in this study we characterized dietary intake according to categories of maternal prepregnancy BMI (including within classes of obesity) and evaluated GWG adequacy across all obesity categories. This is an important strength because the 2009 GWG guidelines did not distinguish GWG recommendations within obesity categories because of the lack of data in the published literature (at the time) for women with BMIs ≥ 35 ([@bib49]). Similarly, few studies have specifically evaluated associations of diet with GWG in women with class II and III obesity, making it difficult to identify which interventions are most effective in this subgroup. Thus, our analysis attempts to provide preliminary data that could contribute to informing future recommendations for GWG for the growing number of morbidly obese adults in the United States.

Strengths and limitations {#sec4-3}
-------------------------

Strengths of this study include the prospective assessment of diet and the use of a validated dietary screener tool. In addition, we were able to assess potential heterogeneity in associations of diet and GWG by mother\'s prepregnancy BMI and were able to account for multiple independent predictors of GWG in our model. Nevertheless, residual confounding by unmeasured health behaviors is possible, particularly given the clustering of unhealthy habits ([@bib50]), although the multivariable model adjusted for measured confounders did not alter results materially compared with the minimally adjusted model. This study relied on self-reported dietary assessment, and differential self-report, particularly among women with obesity, is possible ([@bib51]). In addition, the reliance on a minimal set of dietary food groups precluded our ability to assess overall dietary quality or patterns, or to adjust for total energy intake. However, dietary recommendations based on food groups may be more easily amenable than empirically derived dietary patterns. Although we were not statistically powered to stratify models or evaluate statistical interaction in associations across obesity classes in this study, we plan on following up on these preliminary analyses in our larger cohort study being conducted as part of the ongoing US ECHO program. Finally, owing to the large number of associations examined as part of this study, we cannot rule out the possibility of observing several observations by chance.

Conclusions {#sec4-4}
-----------

In conclusion, higher fruit and vegetable consumption during pregnancy among women with obesity may be linked to a lower risk of excessive GWG and, thereby, improved maternal and child health outcomes. Once GWG recommendations are available for class-specific obesity categories, larger studies may be needed to evaluate these associations using the new recommendations.
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